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NACA ACR No. I5Al3 CONEIDRNBEAL
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONTINENTIAL REPORT

DETZRMINATION OF THE STABILITY AND CONTROL CHARACTERISTICS
OF A TAILLESS ALL-WING AIRPLANE MODEL WITH SWNEEPBACK
IN THE LANGIEY FREE-FLIGHT TUNNEL
By John P. Campbell and Charles L. Seacord, Jr.

SUMMARY

An Investigation to determine the power-off stability
and control characteristics of a tailless all-wing air-
plane model with sweepbaclt has been made in the Langley
free-flight tunnel, The results of the free-flight-
tunnel tests were correlated with results from force tests
made at high Reynolds numbers in order to estimate the

flying characteristics of the full-scale airplane,.

The investipation consisted of force and flight tests
of a L,3-foot-span dynamic model. The effects of flap
deflection, center-of-gravity location, and addition of
vertical-tall area were determined.

The following conclusions were drawn from the results
of the investigation: The full-scale airplane will
undergo a serious reduction in stick-fixed longitudinal
stability at high 1ift coefficients unless early wing-tip
stalling is eliminated., The directional stability of an
all-wing airplane without vertical tall surfaces will be
undesirably low. The effective dihedral of an airplane
of this type should be kept low. An elevon and rudder
control system similar to that used on thls design should
provide sufficient control.

INTRODUCT ION

The desire to obtain improved performance for mili-

tary airnlanes hae recently increased the interest-in

" tailless-airplane designs, One of the most promlsing
tailless designs, from the considerations of performance,
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is the large all-wing airplane or "flying wing." Inherent
in the all-wing airplane, however, are certain undesirsble
stabllity and control characteristics that must be elimi-
nated before this design can be conslidered satlsrfactory.
In order to study these stabillty and control character-
istics and to find means of imoroving them, an investi-
gation 1s being conducted 1In the Lensgley free-fllight
tunnel (designated FFT) of a free-flying dynamic model of
a tallless all-wing airplane with sweerback.

T™e prersent report gives the results of force and
flight tests of the model with windmilling propellers.
Tests were made with the 1ift flups retracted and
deflected, For some tests, auxillary vertical tall sur-
faces were installed on the model. The effects of changes
in the center-of-gravity location and trim 1lift coeffi-
cient on the flight characteristlics of the model were
determined,

In order to estimate the flying characteristics of
the full-scele alrplane, the test results were correlated
with results of rorce tests of a similsr design run at

high Reynolds numbers in the Langley 19-foot pressure
tunnel (designated 19-ft PT).

SYNBOLS

The following symbols are used herein:
1lift coefficient (Lift/qs)
drag coefficient (Drag/aS)
pitching-moment coefficient (Pitching moment/q¥3)

rolling-moment coefficient (Rolling moment/qbS)

yawlng-moment coefficlent (Yawing moment/qbs)
lateral-force coefficient (lateral force/qs)
chord, feet

mean aerodynamic chord, feet
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NACA ACR To. LHAl3 CONFIDENTIAL 3

s wing area, sguare feet ’
¥
b wing span, feet
i
q dynamic nressure, pounds per square foot (zpvé>
. v airspeed, feet per second
o} mass density of air, slugs per cubic foot
e angie of sideslip, degrees
U angle of yaw, degrees (for force-test data,
= -g)
a engle of attack, degrees
h static margin, distance in chords from center of
gravity¥ to neutral voint
pb : ; i s .
>v helix angle generated by wing tip in roll, radians
. had roliing angular velocity, radians per second
CZD rate of change of r lling-moment coefficient with
‘ ) helix angle Z -
dV
Cn rate of change of yawing-momznt cogfficient with
B angle of sideslip, psr degres (6Cn/ba)
Cy rate of change of rolling-mom:ant coefficient with
P angle of sideslip, ner degree (acz/ap)
6p flzp deflection, degress
64 elevon deflection, positive dowm, degrees (with
subscrivts r and 1 to indicate right and
left elevon, resvectively)
\ S rudder deflection, vositive down, degrees (with

subscripts » and 1 to indicate right and
left rudder, respectively:; if both right and
left tor rudder surfaces are dsflected
31multanecusly as longitudinal trim flaps, no
subscript is used)
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R Reynolds number

APPALRATUS

The investigation was made in the Langley free-
flight tunnel, which Is described in reference 1. A
photograph of the test section of ths tundel showing
the model in flight is presented in figure 1 Force
tests to determine the static stabllltV'characteristics
were made in the Langley free-flight tunnel with the
model mounted on the six-component balance, whichk is
described in reference 2.

The mass and dimensional characteristics of the
model are as follows:

Telliti; Rouhids! . 5 & 5 s @ @ 9@ PR H K @ @8 w8 Pedd
Wing area, square feet . . . . ¢ & ¢« 4 4 . . . .. 2451
SOy, FESE & o @ 4 & o @ B E B B e s s &S s W e A MRS
Aspect rabio . . . . . e W e e e o S s Tab6
Wing loading, vnouwnds ner square foot o wm B e A2
Redius of gyrstion in roll,- ky, foot . . . . .. 0.78
Radius of gyration in nitch, Ky, foobt . . . . . 0.35 *

Radiuvs of gyration in yaw, kg, foot . . . .. . 0.82
Mean aerodynamic chord, foot « « « o o ¢ o « « + &
Sweenback of 0.25-~chord lines, degrees . . . . . .
Dihedral, degrees . . 2 oY G e e R B s @ e @ O
Taper ratio (ratio of t1p cnord to root chord) . .
Root chord, foot . . . ¢« ¢ ¢ & ¢ o s o o o o ¢ o &
Tip chord, foob . ¢ o« ¢ ¢ ¢ 4 4 e @ 8 4 4 e s e
Elevon:
THDE = % o o B 4B @ s e @ B e e e 8 & 2 & @ Dladm
Area, percent Wing aTrea . « « « « 4 « ¢ « . . o i.ho
Span, percent Wing sSpan . . . .« .+« . . . = . 30.00
Rudder:
TIDS o« = & k& o 10 5 & @ ow e e @& & w SPLLE, dha
Area, percent wing area . . . « s ¢ ¢ 2 0+ . o
Span, perceat wing span . . « <« ¢« « . - . . . . 20.00

Vertical tails:

TYDE o+ « « o o« = o + « « o s o o Twin center fins
Area, percent wing @rea . . .+ .+ .+ « « « o o . = }1.00
Lspect Tablo « % w & ¢ 5 & w0 B oW G o8 @ w o Lell
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Alrfoll section . . + ¢« « &
Root, percent thickness .
Tip, percent thickness .

Modified NACA 103

21
« e e 12

Geometric twilst, degrees .
Aerodynamic twist, degrees

.« « « (approx.) 4
The component parts of the model are identified in

the tables and figures as follows:

wing L] . L] . . L] L] L] . . L] L] - . . - . . L] - L] .
Propeller shaft housings . . « « « « &« ¢« . . . .
Propellers . .« . o+ o o o o o o o o ¢ o o o o & @
Vertical tails; two tails mounted on nacelles,

each tail having 2 percent of wing area . . . -
8Split flap (center-section 1lift flap, &y = 60°) . . .

Combinations of those letters represent the comblnation
used ia the tests. The standard configuration 1s deslg-
nated WHP. A three-view drawing ot the model is
presented in figure 2., Photographs ure given in figures 3
and !'. Tn rlan form the wing has both swecpback and taper
and rrnt s £5l1it flap that extends from the center line of
the atr ylane to the inboard ends of the elevons., For all
flap-down tests, the flaps were deflected 60°,

The control surfaces consist of elevons that extend
from 0.5312’- to 0.715 and split rudders (flg. 5) that

extend from 0.713 to 0.91%. The split rudder is

80 linked with the elevon that in flight tests the lower
surface of the rudder moves down with the downgolng elevon
and the upper surface moves up with the upgoing elevon.
This linkage arrangement provides additional effective
alleron- and elevator-control-surface area as shown in
figure 6.

The upper surfaces of the split rudders can be
deflected upward simultaneously to serve as trim flaps
to provide pltching moment for longitudinal trim when
the 1ift flap i1s deflected. The lower surfaces of the
split rudders remain at zero when the top surfaces are
deflected as trim flaps.

The controls of the model were operated in flight
by electromagnets in the same manner as described 1in
reference 1.

CONFIDENTIAL
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For some teats vertical tail surfaces having a
combined area of UL percent of the wlng area were mounted
on the propeller«shaft housings to provide additional
directional =tability. (2ee figs, 2 and l.)

Fer propeller-on tests the model was equipped with
two freely windmilling two-blade pusher propellers.

A modified NACA 103 alrfoil with a thickness of
21 percent at the root and 15 percent at the tip was used
on the model. The tralling edge was reflexed enough to
glve a slightly positive pitching moment at zero 1lift.
This airfoll was used to obtain a maximum 1lift coefficient
in the free-flight (low Reynolds number) tests more nearly
equal to that of a full-scale alrplane than is possible to
obtain with other airfoils {especially low-drag airfoils)
at low Reynclds numbers.

The free-flight-tunnel model was almocst 1dentical
in plan form to the model used in the tests at higher
Reynolds numbers in the Langley 19-foot pressure tunnel.
The models differed in airfoll section, geometric dihedral,
and geometric twist, The airfoil sections of the model
teated in the lLangley 19-foot nressure tunnel were
NACA 65(318)-019 at the »ot and 65(318)-015 at the tip;
the pgeometric dihedral of this model was 2° compared
with 00 for the free-flight-tunnel model. The model used
in the Langley 19-foot pressure tunnel had LO geometric
twist, whoereas the free-flight-tunnel model had a geometric
twist of 6°, 7The amerodynamic twist for both models,
however, was anproximately L©.

TESTS

Force tests were made to determine the stability and
control ‘characteristics of the model with flaps retracted
and deflected. The momenta were computed with the center
of gravity at 0.25 mean aerodynamic chord and are referred
to the stabllity axes., The stabllity axes are defined as
an orthogonal system of axes In which the Z-axis 1s in
the plane of symmetry and perpendicular to the relative
wind, the X-axis 1s in the plane of symmetry and perpen-
dicular to the Z-axls, and the Y-axls is perpendicular to
the plane of symmetry. The conditions in which force
tests were made are given in table I.
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Flight tests were made at 1lift coefficients varying
from 0.3 to 0.8 with flaps retracted and from 0,6 to 1.1
with flaps deflected, The center-of-gravity positlion was
varied from 20 to 25 percent of the mean aerodynamic chord
for flight tests in both the flap-retracted and flap=-
deflected condition, Table IT gives the conditions for
which flight tests were made.

RESULTS AND DISCUSSION

In interpreting the results of the free-flight-tunnel
tests of the tailless all-wing model the followlng polnts
were conaidered;

(1) The tests were made at very low Reynolds numbers
(150,000 to 350,000); hence, the results of the tests of
a similar cesign made at high Reynolds numbers
(about 6,600,000) were used in estimating the flight
characteristics of the full-scale airplane from the free-
flight-tunnel test results.

(2) T™e controls of the model were fixed except
during control applications; hence, no indications of the
control-free stability of the design were obtained.

(3) In determining the control effectiveness of the
design, no consideration has been given to control forces,

() No power was applied to the propellers during
the tests. The results, therefore, cannot be used to
predict power-on stability.

Longitudinal Stability

Force tests.- The results of force tests made to
determine the longitudinal stabillity and control charac-
teristics of the model are shown in figures 7 and 8. On
these figures, data from tests of the model of similar
plan form tested at high Reynolds numbers are also plotted.

The slope of the pitching-moment curve for the flap-
retracted condition of the free~flight-tunnel model
changes from negative to positive with increasing 1ift
coefficient. This change in slope lndicates a change to

CCONFIDENTIAL
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static longitudinal instabllity at high angles of attack.
This change in stability 1s characteristic of swept-back
wings hecause of the tendency of the wing tips to stall

first,
the free~-flight-tunnel model than for the similar model
This difference 1s

tested at high Reynolds nuabers,
probably explained by the fact that the difference in the

Reynolds numbers at the root and tip sections of this
deslgn causes a much preater difference in stalling char-

acteristics on the small-scale model than on the model
tested &t hipgh Reynolds numbers.

P R
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The instability appears te be ruch preater for

For the flap-deflected condition {fig, 8), the
pltching-moment curves for the free-flight-tunnel model
were very simllar in shape to those obtained with flaps
up but did not turn up at high 1ift coefficlents as much
as the curves for the flap-retracted condition. The data
of figure 8 indicate that most of the change in shape of
the pitching-moment curve from flsp up to flap down was
caused by the upward deflectlion of the trim flap. The
flap~-deflected pltching-moment curve from high-scale testas
(fig. 8) indicates practically no change in longitudinal

stabllity with increasing angle of attack.

The difference in the angles of zero 1lift indicated
in figures 7 and 8 for the two models is probably caused

by the difference in the locatlon of the chord llne from
The difference 1in

which the angle of attack 1= measured.

the slopes of the 11ift curve 1s prohahly a result of the
difference in the Reynolds numhers of the tests, It 1s
unlikely that these differences in 1lift characteristics
would cause arpreclable differences in longltudinal flight

characteristics.
FPlipht tests,- The longitudinal stabllity as noted

ELIENC Lests
in the free-flicht-tunnel tests was satisfactory up to a
11ft coefficlent of 0.7 with flaps retracted and 1,1 with
flaps deflected with the normal center-of-gravity location

(25 percent M.A.C.). Above these values of lift coeffi-
clent, however, difficulty was experlenced in flying the
model because of a tendency to nose up and stall after
disturbances in pitch, This behavior was belleved to be
a direct result of the change in longltudinal stability
at highk angles of attack, which was indicated 1in the

force-test results by the chanse in slope of the pltching-
Although at times the pllot could prevent

momont curve,
the nosing-up motion by applylng down-elevator control,
CONFIDENTIAL
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the nosing-up tendency was considered a very objectionable
characteristic that wonld probably prove dangerous for a
full-scale airplane. This nosing-up tendency should be
expected on any eirplane having pitching-moment character-
istics similar to those of the model. (See fig, 7.}

The longitudinal stability of the free-flight-tunnel
model was satisfactory at those 1ift coefficients at which
the static margin h was 0.04 or greater (C; = 0.7,
flaps retracted; Cp = 1.1, flaps deflected) and flights

were possible at conditions at which the static margin

was as low as 0,02, On the basis of the force-test
results it appears that the static longltuwdinal stability
of the corresponding airplane at high angles of attack
would be greater than that of the free-flight-tunnel model.
The data of figures 7 and 8 indicate that the airplane
with the normal center-of-gravity location would have a
static margin of 0.0l up to a 1lift coefficient of 1.0 with
flaps retracted and up to the stall with flaps deflected.
The stick~fixed longitudinal stability of this particular
airplane design, therefore, would probably be satisfactory
for all power-off conditions except at high 1ift eoeffi-
cients with flaps retracied.

Longitudinal Control

The force-test results presented in figures 7 and 8
indicate that the longitudinal control provided by the
elevons was sufficient to trim the model over the flight
range for flap-retracted or-deflected condition with a
total elevon deflection of about 20°. Inasmuch as the
force-test results of the model tested at high Reynolds
numbers indicate much more powerful elevon control than
was obtained with the model at low Reynolds numbers, it
is probeble that the elevator control for the full-scale
airplane will be satisfactory in flight.

In the flight tests, the model could be trimmed over
the speed range with a total elevon deflection of about 20%
For the flap-retracted condition, the upper surfaces of
the split rudders were deflected with the elevons for
longitudinel trim. Abrupt elevon deflections of #59 from
the trim setting provided adequate longitudinal control
for keeping the model flying for all stable conditions.

CONFIDENTIAL
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fm this design it 18 possible that the most critical
condition for elevator control will be at talke-off,
Unless careful attention is given to the location of the
landing geer, the elevons alone may not b2 powerful enough
to meet the Army requirements for zetting the nose wheel
off the pround at B0 percent of take-off speed., Use of
the trim {lapa in conjunction with the elevons will help
provide enough longitudinal control to meet this
rejuirement.

Lateral Stability

Porce tests.,- The lateral stability characteristics
of the model as determined by force tests are shown in
fizures 9 to 11, The values of the effective~dihedral
parameter €, and the directional-stability parameter G,

obtained for the different test conditions from these
figures are plotted in figure 12 in the form of a stebllity
diagrem. The values of ¢Cp, and Cr for corresponding

conditions for the nodel tested at high Reynolds nmumbers
are also rresented in firpure 12.

The values of Cp, for the flup-retracted condition

at angzles of attack of 00 and &° are relatively low
(about 0,000%0). Tner2asing the angle of attack to 12°
with flaps retracted caused an incresse in Cj, to 0.00055.

This increase in ©,. wlth increase in 1ift coefflcient is
characteristic of a swept-baclk wing.

The lower values of Cp, shown in figure 12 for the

model tosted at high Reynolds numbere are attributed to the
lover drag of this model, For an all-wing tailless design
with low dfhedral, the drag of the wing contributes a
major part of the static directional stability.

e values of clﬁ shown for the free-flight model

in figure 12 correspond to an effective dihedral angle
between ZO and 9. The value of ¢ increased with
)

increasing lift coefficient as expected for the swept-
baclt wing., The higher valuss of C, for the model

tested at large Reynolds numbers ls caused by the fact
COKFIDWITIAL
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that this medel had 2° geometric dihedral whereas the
frze-rlight-tunnel model had 0° geometric dihedral.

Flisht tests.- The lateral stability characteristics
of the -.0Gel nuued in flisht were falrly satisfactory
except for lov directiminl cotablility in the flap-retracted
condition, Twis low dircctional stability was shown
priacipally by elow lish:ly daupeld yuwing osclllations
that vere started oy st or conirol disturiances. The
directional stanllity was not dang2rcusly lew, however,
inasimch as neltnsr dlverpences nor unstable osclillatlions
were noted., The sdverse yavinz noted in Tlights in whileh
ailaron control aloae was used was quite snmall because
the elevons were dzflected upward torcther for longitu-
dinal trim and ther=fcre operated as "trimmcd-up" allerons,
which usually produce only small yawing moments.

Deflection of the flaps or addition of the vertical
tails caused noticeable improvement 1in the damping of the
yawlng motlion of the model, and the lateral stabllity
characteristics at these conditions werec cornsidered
generally satis=factory.

The effective dihedral of the model appeared to be
satlsfactory, inasimch as no excessive rolling during
sldeslip was noted and the lishitly daniped yawing oscil-
lations were accompanied by very little rolling. Previous
free~flifl:t-tunnel investigations have shown that, for an
airnlene with low directional stability, low effective
dihedral is necessary to avoild a Hoorly damped rolling
(Dutch roll) oscillation.

It ie probable that the lateral stabillty character-
1stlcs of a full-scale airplane of the design tested
would not be so good as thoce ol the free-flight model
because the values of Cp of a full-scale airplane will

prohably be lower than those for the free-flight model.

At the higher 1ift coefficlents, whichk could not be reached
in the free-flight-tunnel tests Lecuwse of lonplitudinal
instability, the requirements of the airplane vould be more
severe for dircctional stability and the alrplane would
prohahly be considered unsatisfactory in thils respect. 1In
order to sccure sgatisfactory flyln~ characteristics with a
taillless all-wing airplanc of this typec, 1t appears

desirable to maintain a low value of effective dihedral and .

to supplement the dircctional stabillity of the wing by
means of vertical tatls or an automatlc stabllizing device.

CONFIDENTTIAL
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Lateral Contrcl

Aileron control.~ The allzron control provided by
the elevons appeared to be wealt in the flight tests,
Abrupt elevon deflections of t15° did not provide satis-
factory ajleron control in flisght. Previoue free-flight-
tunnel tests have shown that, If aileron deflections
greater than #159 agre required for satisfactory control
on a nodzsl, the allerons on ths correcponding airplane
are likely to be weak.

A better quantitative indicstion of the wgakness of
tho aileron control was obtasined in the force teats, the
results of which are prescnted in figures 13 and 1l and
which ars summarized and compared in figure 15 with
results of tests at high Heynolds numbers. Computed
values of the helix angle pb/2V produced at different
11ft coefficients by various elevon deflections are shown
in fipure 15, The values of pb/2V wers obtained by
multiplying the force-tost values of rolling-moment coef-
ficient by o.8/ch. (See reference %.) The high

Revnolds mumber data of filgure 15 indicate that the
flying-qualities requirement for a winimum value of 0,07
for ph/2¥ 1s not met by this desin at 1ift coefficients
above about 0.} with %159 elevon deflection. The free-
flisht-tunnel force tests indicate even weaker alleron
control but this result is partly attributed to the low
Reynolds number of the tests, to the wing section used,
and to the initial reflex of the trailing edge of the
wing., The free~flirht-tunnel test results do indicate,
however, that linking the rudder surfaces to move as
allcrons with the elevons provides a2 substantial improve-
ment 1n alleron control.

In order to obtaln satisfectory alleron control with
elsvon surfaces located well inboard of the tip as on this
design, lurger-chord surfaces than those on the free-
flight~tunnel model should bs used or the rudder surfaces
should be linked with the elevons in order to provide
greater effective elevon area.

Rudder control.~ The aplit rudders on the model
provided sufficient yawing moments to balance out the
adversc yawing moments encountered in the flight tests
during aileron rolls, Inasmuch as the yawing moments
caused by aileron deflectlon were small (fig. 1;) because
of the initiasl upward deflection of the elevons for

CONFTDENTTAL
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longitudinal trim, the rudder yawinr moments only had to
ovnnse the adverse yawing moments caused by rolling. The
advers: yawing roments caused by rolling were apparently
small for the model, as indicated hy the small amount of
adverse yawing In flichte with rudders fixed and elevons
alone uesed for control. These results indicate that the
rulder control of this all-wing airplane should be adequate
durinug normal flight.

Usually the most severe rcguirement for rudder con-
trol of multiengine airplanes iz that the rudder control
balance the asymmetric yawlng momentes Introduced by the
failure of one engine during a full-power climb. Calcu-~
lations based on the force-test dats rrecented in flgure 16
indicate that, with rudders of the £ize and type used on
this d2sipn, an alrplane of this trpe having a 150-foot
span and two 3000-horsepower engincs would meet the Army
requirements for maintaining steady f£light with 10° or less
sideslip at 120 percent of the stalling speed with one
engine inoperative and the other e¢nglne operating at full
power,

CONCLUSIONS

~ The following conclusions concerning the power-off
stabllity and control characteriatics of large all-wing
tallless alrplaness with sweenback were drawn from the
Langley free-flisht-tunnel test results and from a corre=-
lation of these results with results obtained from force
tests made at high Reynolds numbers:

1. Stick-fixed lonritudinal instability at hich 1lift
coefflcients,or at least a serlous reduction in longitu-
dinal stcocbility, should be expected for alrplanes of this
type unless the premature stalling cf the wing tips 1is
ellminated, The upward deflection of a trim flap at the
wing tis will reduce the tendency of the tips to stall
first and will thereby improve the lonsitudinal stability
at high 1i{t coeffilclents.

2, The directional stabllity of this type of airplane
without vertical tall surfaces willl be extremely low.
Although the airplane will be flyatle, it will probably
not be considered entirely satisfactory because of the
tendencyr to sideslip to large angles following slight gust
or control distwrbances,

CORFIDENTTIAL
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3, The effective dlhedral of an airplane of this
type should be kept low in order to minimize the amount
of rolling accompanying the lightly damped vawlng osclle
latlions that are lilkelv to be encountered,

L. An elevon snd rudder control system similar to
that used on the model in thase tests should provide
sufficient longitudinal and lateral control for an
alrplane oi tkis tyne.

Langley Memorial Aeronauﬁical Laboratory
Nationsl Advisory Committee for Aeronautics
Langley Fleld, Va.
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TABLE I
FORCE-TEST CONDITIONS FOR TAILLESS ALL-WING AIRPLANE MODEL
IN THE LANGIEY FREE-FLIOHT TUNMNEL

v Cconfigu- Oa 6"1.
taeg) | "G (deg)  [deg)

0
0

N e

ONM WYV OLOO-N O~

5
6
7
e
9
0

1

[
[

=10
(Right only]

{Right only)
20
{Right only]

EE R

- 1
~ o
0O0O0O OO OO0 O O ©O O

t 20
° {Right only)

[v]
o

10
-10
-20

20
120
tl0
t60

to
to
to
to

to
to

to

18
19
20
21
22

WHP
WHP

WHP
WHP
WHP

RRRRRRERRRBEREEKERS
ccooo oo © © 0o ©
coo oo oo © 0 o © oo

Saxplanstion of configurations is given in sectlon on
“Apparatus.”
CONFIDENTIAL
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TARLE IX
PLICHT-TEST CONDITIONS OF TAILIESS ALL-¥ING AIRPLANE
MODEL IN ILANCLEY FRIE-FLIAHT TUNNEL

Configuration |Center-of-gravity locatiod

Lift coefficient a) (percent M.A.C.)

0.% to 0.8 WHP 0.25
.6 WHEPV
.6 WHEPV
5 WHPV
YU PVF
WAPF
.7 WHPVF
o7 VI PVP

8gxplanation of configurations given in section on
"Aprnaratus,.t

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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I
Rignt alleron control

Left lower rudder surface (Longitudinal trim flars o1

adds to elevon area

Right alleron and rudder control
tiongitudinal trim flaps 0%

Fight aileron contrel

tlongitudinal trim flaps -

CONFIDENTIAL

it =4

Right upper rudder surfacs
adds Lo elevon area

1f rudder deflection ims greater
than elevon defiection, deflected
rudder surfaces are not moved bty
elevons

Upper rudder surfaces deflect
with elevons only for n
defiections greater than -4

NATIONAL ADVISORY
COMMITIEE FUR AERUNAUTICS
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ac, 71CT Y
i N ot HEerF, Gx

N
e

~

g

O

Drag coefficrent,Cp
w

Lif1 coeffrcrent; Cp
v

f/;]urf. .- L1t g/ra;;, and pulching-moment characler-
s/ics  of medels of Xalless Qll-win (j/r,o/ane
with Sweepback. Flaps daesficcted (WHFF).
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
Figure /0- fffec! of figos on lareral stability cfarac-
teristies of Langky free -fight-tunnc/ mode! of
tailless all-wing ~airplane” with sSwecpbdck.
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Figure /1.- £ffect of prgosller housings ard ver/ical
tuls an kaferal Stabilily characlerisies of Langkey free-
flightt - turviel rmade] Of laikess  Qll-wing aurpkrie
with sweepback. X.=6°; C,=070.
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Incremenit roliing-
mament- coeticrerit, 4C)

Q

Incremental yawing-
momant coefficient, ACy,
o

|
Q

(0] 4
Angle of aftack , o , okg*
NATIONAL ADVISORY

CONFIDENTIAL COMMITIEE FOR AERONAUTICS

figure /3. - larafon of elevon effechvencss with
e oF atfack for Langky free -fight - ievine/

ang,
mode/ o falless Qll-wing aurplane with sweepback.
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froure /4= Foling and yawrng momends proauced
Ly defleching as elevons Me o} rudders on
the Langky Free-1light funnel madel of a. tulless all-
wing curplane with Sweepback.
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Figure /6.~ Yawing mmoments produced
by right spltt-rudder qer/ectvomn on
rhe Langley Free-flighf-tunnel rnode/
of a failless all-wing arrplone wth
sweepback . CONFIDENTIAL
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